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ABSTRACT 
In the present study, co-adsorption of gaseous n-heptane and acetone is studied. The adsorbent is a commercial hydrophobie 
zeolite. Breakthrough curves and isotherms are measured for three different acetone/heptane mixture ratios and for pure 
components. Zeolites showed a greater adsorption capacity for acetone alone than for heptane alone. For the mixtures, the 
majority component was the most adsorbed. Zeolites have a good selectivity for acetone even though acetone is more 
volatile than heptane. Specific adsorption sites are reserved for acetone adsorption and are not accessible to heptane. The 
polarity of a component leads to electrostatic interactions with cation exchange. On non-specific adsorption sites, acetone 
can be displaced by heptane, which is Jess volatile. Moreover, experiments show that selectivity depends on the ratio of the 
mixture. For co-adsorption of a mixture of polar and non-polar components, selectivity depends on relative polarity, 
mixture ratio, and boiling point. 
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INTRODUCTION 
Since new regulations on volatile organic compound 
(VOC) emissions have been decided, industrial cornpanies 
have become more and more interested in ways to reduce 
their pollution. Conventional engineering processes can be 
used to remove VOCs. These removal processes can be 
classified into two categories: destructive techniques and 
recovery techniques [1). 
Destructive techniques 
Combustion is the most commonly used technique for 
high levels of contamination. The stream is oxidised at high 
temperature to destroy ail the pollutants completely. Its ease 
of application and the possibility of treating mixed gases have 
made this technique successful. Its main disadvantage is the 
production of toxic exhaust when gases contain sulphur, 
chlorine or fluorine. 
Biofiltration Here, VOCs are oxidised into CO2, H2O and sait 
by microorganisms fixed on an inert porous support. Biofilters 
are very often beds of compost and tree bark, peat or soi!. Its 
low cost and good efficiency at weak concentrations are the 
main advantages, high pressure drop and the size of 
installations being the main disadvantages. 
Recovery techniques 
In absorption towers, VOCs are transferred from the gas 
Stream into a liquid, which is often water. It is widely used in 
deodorization problems or for soluble VOCs, where its 
efficiency is good. It can also be the first stage of a hybrid 
process [2). The main disadvantage of this technique is the 
production of waste water. 
Condensation is used for high concentration emissions 
and low flow rates. The waste air is cooled to a temperature 
below the dew point of the mixture. The energy cost can be 
very prohibitive, especially for the low concentrations. High 
efficiency can be reached. 
Adsorption techniques are one of the most common 
methods used in solvent activities with low loaded VOCs 
emission in a large flow. The gaseous stream is passed through 
a fixed bed where VOCs are captured. The recovery of the 
collected vapours can be done by desorption with steam, hot 
air or inert gas. Activated carbon is commonly used today 
[3-5) but zeolites are an interesting alternative porous material 
for the removal of VOCs: as molecular sieves, they are not 
flammable, and their adsorption capacity remains good under 
humid conditions. 
Zeolites are crystalline aluminosilicates consisting of a breakthrough curves and adsorption isotherms are studied for 
three-dimensional network. The nature of a zeolite is single or mixed VOCs. The composition of the VOC mixture is 
characterised by its aluminium content in a lattice framework. also studied to estimate its influence on efficiency. 
Zeolites having a high SiO2/ AIP3 ratio show hydrophobie 
properties and can be used for the adsorption of VOCs from PILOT PLANT EXPERIMENTAL 
polluted air. CONDITIONS 
The aim of this paper is to study VOC co-adsorption on 
hydrophobie zeolites with a view to cleaning air. After a 
literature review and a presentation of the experimental 
conditions, the experimèntal results will be discussed. 
LITERATURE 
Very few publications exist on co-adsorption of VOCs 
on zeolites. According to most of those found, the sieving 
effect is the main parameter that operates on selectivity. If  
the size of a molecule is  greater than the aperture of the 
pores, adsorption does not occur [6]. For adsorbed 
components on a zeolite, adsorption capacities and selectivity 
depends on several parameters : the boiling temperature, the 
polarity, and the diffusion coefficient (6). 
The main difference between zeolites and activated 
carbon is the presence of cation exchange in the framework of 
the zeolites. These cations are specific adsorption sites that 
can adsorb polar components because of high electrostatie 
interaction between local electrostatie field (cation) and the 
permanent dipole moment of the co�nt {6,7). So, 
zeolites have two types of adsorption sites: local specific 
adsorption sites, represented by eations, and diffuse non­
specific adsorption sites, created by the framework as a whole. 
In the case of adsorption of chlorinated VOCs on 
hydrophobie faujasite, Clausse (8) concludes that, for 
components which present the same chemical function, the 
Jess volatile component is the more adsorbed and the more 
volatile component is the Jess adsorbed. Selectivity depends 
only on boiling temperature. As for co-adsorption on activated 
The experimental set up for adsorption is shown in 
Figure 1. It consisted of an adsorption column with a fixed 
bed of hydrophobie synthetie zeolites. Adsorbents were in the 
form of pellets (HISIV from UOP) of which the main 
characteristies were pore diameter size dp= 6xl0·10 m, specific 
area: 1180 m2 g·1; pellet size : 1x10-3 m diameter and 5.10-3 m 
height. The characteristies of the adsorption column were : 
0.5 m height; 0.052 m diameter and 0.15 or 0.2 m fixed bed 
height. 
The air /VOC mixture was obtained by the use of two 
separate bubblers for each compound. The outlet gases 
were diluted with dry air and injected at the bottom of the 
column. Two different VOCs were used : heptane (99%) and 
acetone (99.9 %). Their main physieal characteristies are given 
in Table 1. 
The desired mixture ratio was obtained by changing the 
flow rate of each bubbler. Three mixtures of acetone/heptane 
were studied, with the following molar compositions: 
• Heptane-rich mildure ( poor in acetone): heptafte 75%/
acetone 25 % 
• equunolar mixture: heptane 50 % / acetone 50%
• heptane-poor mixture (rieh in acetone): heptane 10% /
acetone 90 % 
carbon, volatility appears to be the main parameter for l 0
selectivity. 
Cottier et al. (9) studied a binary gas of m-xylene and p­
xylene, whieh present a difference only in their shapes. The 
influence of the initial composition of the gas mixture on 
adsorption was tested. Their results show that the selectivity 
of Y zeolite depends on the filling and the composition of the 
mixture. This is different from activated carbon adsorption. 
So, the aim of the present work is to show the 
behaviour of a commercial hydrophobie zeolite during the 
adsorption of solvents that are used in industry. Heptane and 
acetone were chosen because of their different volatilities and 
polarities. According to Kiselev'sclassification [10, 11] acetone 
is in group B and heptane in group A; for adsorbents, zeolite is 
of type II. That means that acetone has specific and non­
specific interactions with the zeolite, heptane has only non­
specific interactions with the zeolite. Usually, the plot of 
breakthrough curves is used to focus the selectivity of an 
adsorbent toward an adsorbate gas mixture (12, 13], and 
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Figure 1. Pilot plants.1 air inlet - 2,3 flowmeter - 4 thermostat 
tank - 5 bubblers - 6 inlet gas - 7 gas outlet sample 8 
adsorption bed - 9 pressure gauge - 10 outlet gas. 
Table 1. Physical characteristics of solvents. 
Component Fonnula Molecular weight Boiling temperature Dipolar moment Kinetic diameter 
Acetone C3H60 
n-Heptane C2H16
(gmol-1) 
58.08 
100.21 
(K) 
329 
371.6 
For each mixture, four different concentrations were 
tested for the ratio of the mixtures. During the experiments, 
operating fluid flow was about 3.8 m3 h-1 to 4.2 m3 h-1• The
inlet concentration in air was about 0.008 to 0.1 mol m-3 for 
acetone and about 0.004 to 0.01 mol m-3 for heptane. A HP 
5890 series II gas chromatograph with a flame ionisation 
detector was used to analyse inlet and outlet effluent. 
Effluent samples were taken and injected every five minutes 
by a 10-port gas sampling valve with two channels. Software 
was used to record and integrate the signal from the detector. 
RESULTS AND DISCUSSION 
Breakthrough curves 
(D) (x10-10 m) 
2.9 4.6 
0 6.9 
it is less volatile. This result can be surprising considering that 
Clausse [8] found that the less volatile compound broke 
through first. The difference can be explained by the fact that 
the two components do not belong to the same chemical 
family. Moreover, one is polar and the other is not. Acetone is 
not desorbed by heptane even though the latter has a higher 
boiling point. An explanation can be found, if we consider 
that there are different sites for each components : on the one 
hand reserved sites for polar molecules (specific sites) and on 
the other hand non-reserved sites for al! molecules (non­
specific sites). That acetone is not desorbed by heptane even 
though heptane has a higher boiling temperature means there 
are adsorption sites for both components. 
For experiments with acetone-rich in fluent, it was 
found that acetone broke through first. So in this case, 
desorption of acetone occurred; this is probably because a 
An example of a breakthrough curve for the portion of the acetone was desorbed by heptane. We can 
heptane/acetone mixture in equimolar conditions is plotted imagine that acetone was first adsorbed on al! types of sites 
in Figure 2. Heptane breaks through before acetone although because of its high concentration gradient, which allowed 
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Figure 2. Breakthrough curve for an equimolar mixture of heptane / acetone Co(ace)=0.28 moI.m-3 Co (hep )=0.26 mol m-3. 
■ C hep/Co hep
ecaœ/Coaœ 
rapid diffusion of the molecules. It is possible that desorption breakthrough curve for three different mixtures of 
occurred on non-specific sites where the Jess volatile 
component (heptane) displaced the more volatile (acetone). 
In order to compare the breakthrough curves correctly 
for mixtures of several compounds at different 
concentrations, C/Co versus amount injected Qt per kilogram 
of zeolite for each component was plotted. The breakthrough 
curves are shown in Figure 3 for the same compound in 
different mixture ratios. Figure 3a shows the heptane 
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heptane / acetone: a heptane-poor mixture, an equimolar 
mixture and a heptane-rich mixture. On the same principle, 
the acetone breakthrough curves are shown in Figure 3b. 
Comparison is made with close concentrations in each case in 
order to be able to estimate the influence of the mixture ratios 
on adsorption. 
In both cases, the component is best adsorbed when 
it is the majority component in the mixture. Indeed, the 
at (mol.kg·1) 
2 2,5 3 3,5 
Qt (mol.kg ·1) 
2 2,5 3 3,5 
Figure 3. Breakthrough curves for heptane (a) and acetone (b), C/Co versus amount injected Qt (mole.kg·1). 
(a) heptane: Â rich in heptane Co(hep) = 0.032 mol m·3
■ equimolar Co(hep) = 0.026 mol m·3
(b) acetone 
• rich in acetone Co(hep) = 0.01 mol m·3 
• rich in acetone Co(ace) = 0.032 mol m·3 
■ equimolar Co(ace) = 0.028 mol m·3
Â rich in heptane Co(ace) = 0.028 mol m ·3
breakthrough curve corresponding to this case is on the right 
of the graph, i.e. to reach saturation, it is necessary to inject 
more compound. 
adsorption is more favourable for the majority component. 
These results emphasise the importance of the initial 
composition of the mixture during adsorption of a binary gas. 
For the equimolar mixture and poor mixture, for 
heptane and acetone, the breakthrough curves are 
The breakthrough curves for a given compound 
(heptane or acetone) in the same mixture conditions, but for 
superimposed. When one compound has a high different concentrations are shown in Figure 4. Two 
concentration gradient in comparison with the other, tendencies can be found: (i) For the majority compound 
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Figure 4. Breakthrough curves for heptane (a) and acetone (b), for a same component in the same mixture for different 
concentrations. 
(a) heptane in a heptane rich mixture: ■ Co(hep) = 0.032 mol m ·3 
• Co(hep) = 0.38 mol m ·3
A Co(hep) = 0.077 mol m ·3
(b) acetone in a heptane rich mixture: ■ Co (ace) = 0.038 mol m ·3
• Co (ace) = 0.028 mol m·3 
Â Co (ace) = 0.022 mol m·3
(heptane or acetone), the breakthrough curves are dispersed; 
(ii) For the minority compound (heptane or acetone), the
breakthrough curves are superimposed or very close.
These tendencies are connected with the isotherm 
shape. The initial concentrations for the rich mixture are 
probably not on the plateau of isotherm, whereas those for the 
poor mixture probably are. This is why the breakthrough 
curves are superimposed. 
Single component 
The adsorption isotherms at 298 K for heptane alone 
and acetone alone are shown in Figure 5. Even if acetone is 
more volatile than heptane, HISIV 3000 adsorption capacities 
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are better for acetone than for heptane: at the plateau of 
isotherm, the amount of acetone and heptane adsorbed are 
1.66 mol kg·1 and 0.80 mol kg·1 respectively. The solid lines
describe the close fitting of the isotherms by the Langmuir 
mode! equation. The values of the Langmuir parameters were 
cakulated from the intercept and the slope of the linear least 
square regression line (14]. 
Mixture 
The partial isotherms at 298 K of heptane and acetone 
in mixtures are shown in Figures Sa and Figure Sb 
respectively. 
For heptane, the maximum amount adsorbed on the 
Co(molm-3) 
0,2 0,25 0,3 
Co (mo1.m-3) 
0,2 0,25 0,3 0,35 
Figure 5. Partial isotherm (298 K) for heptane (a) and acetone (b) in mixture in different ratios. 
(a) heptane; (b) acetone
0 pure heptane
0 pure acetone
• acetone-rich, heptane-poor mixture
■ acetone-poor, heptane-rich mixture
Â equimolar mixture
plateau for a heptane-rich mixture, equimolar mixture, and 
heptane-poor mixture represent 94%, 32% and 31% 
respectively of the maximal amount adsorbed in the case of 
heptane alone. Adsorption of a heptane-rich mixture and 
pure heptane adsorption have similar results. Equimolar 
conditions seem not to be favourable for heptane as the 
amount adsorbed is close to the amount adsorbed for 
heptane-poor mixture. The shapes of the isotherms can be 
explained by breakthrough results. On the one hand, 
dispersed breakthrough curves lead to a round isotherm; 
whereas superimposed breakthrough curves involve a flat 
isotherm. 
For acetone (Figure Sb), the amount adsorbed at the 
plateau for an acetone-rich mixture, an equimolar mixture, 
and a heptane-poor mixture represent respectively 45%, 23% 
and 22 % of the maximal amount adsorbed in pure acetone 
adsorption. In this case the acetone isotherm for an acetone­
rich mixture is different from pure acetone isotherm. 
Adsorption of an acetone-rich mixture is not similar to 
adsorption of acetone alone. In the same way as for heptane, 
the adsorption isotherm of the equimolar mixture and the 
acetone-poor mixture are very close. 
In Figure 6, these results are plotted on three different 
diagrams, each representing a given pair: heptane-rich, 
acetone-rich and equimolar mixture. As seen before, for a 
heptane-rich mixture, the amount of heptane adsorbed is 
close to the amount adsorbed when only heptane is present. 
Moreover it can be seen from Figure 6 that the amount of 
acetone adsorbed is not equal to zero. So there are sites 
accessible only to acetone where heptane is unable to desorb 
it. For an acetone-rich mixture (Figure 6b), as seen before, 
acetone is better adsorbed than heptane, and the plateau of 
adsorption isotherm for acetone in mixture is weaker than its 
value in the pure case. A low ratio of heptane in the mixture 
strongly reduces the adsorption of acetone. The influence of a 
little heptane on acetone adsorption is greater than the 
influence of a little acetone on heptane adsorption. 
For an equimolar mixture (Figure 6c), the co-adsorption 
isotherm is under of the plateau of the adsorption isotherm of 
heptane alone. For this equimolar mixture, competitive co­
adsorption is unfavourable to both components. 
These results emphasise the importance of polarity: 
even if acetone is more volatile than heptane, acetone is 
adsorbed during competitive adsorption. Electrostatic 
interactions between acetone and specific site (cation) are 
stronger than the electrostatic interaction between heptane 
and specific sites, so desorption of acetone from this type of 
site does not occur in presence of heptane. 
Selectivity 
The adsorption selectivity of acetone with respect to heptane 
11ace/11ep is defined by the equation: 
* Xace Yhep 
1Jacel hep = __ * __ _ 
Xhep Yace 
11ace/hep is shown in Figure 7 for the three mixtures tested. 
When acetone is a minority or equimolar component in 
comparison with heptane, the selectivity is favourable for 
acetone and does not vary with composition, for an acetone­
rich mixture the selectivity is more favourable for heptane. So 
the selectivity depends on the gas-composition of the 
mixture. 
Dependence of equilibrium composition 
The function xace=f(yace> defines the selectivity diagram 
of adsorption of the acetone/heptane mixture (Figure 8). The 
diagram is defined at constant temperature and pressure. 
HISIV 3000 is selective for the Jess abundant component in 
the adsorbate. A reversai of selectivity occurs when the mole 
fraction of adsorbate and the mole fraction of the adsorptive 
mixture are close to 0.67. 
CONCLUSION 
The selectivity of HISIV 3000 for a binary gas composed 
of two components of different polarity depends on the 
composition of the adsorptive mixture. Even if the adsorption 
capacity is higher for the majority component, the selectivity 
is favourable for acetone in the acetone-poor mixture gas and 
in the equimolar gas mixture. The boiling temperature cannot 
be considered as the only parameter which influences the 
selectivity as acetone is more volatile and is well adsorbed. 
The existence of specific sites (cations) can explain the 
stronger electrostatic interactions with acetone than with 
heptane, which is a non-polar molecule. So heptane cannot 
displace acetone on this type of site. 
The fact that the selectivity and the amount adsorbed varies 
with the composition of the adsorbate means that the 
adsorbate is not ideal. Therefore a thermodynamic mode! 
based on an ideal adsorbate will not be suitable to predict the 
co-adsorption equilibria f�om the single component adsorption 
isotherm. 
LIST OF SYMBOLS 
C : Outlet concentration of a component in gas (mol m·3)
Co : Inlet concentration of a component in gas (mol m·3)
dp : Pore diameter (m) 
Qt : Amount of component injected per kg of zeolite 
(mol kg·1) 
Ws: Amount adsorbed in the zeolite (mol.kg·1) 
xac.,hep : Molar fraction of acetone or heptane in the adsorbent 
Yaœ•hep : Molar fraction of the component in gas 
Ttace/hep : Selectivity of zeolite for acetone in ccompared 
with heptane 
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Figure 6. Co-adsorption isotherm (298 K) and partial isotherm for heptane and acetone in three different mixtures, heptane­
rich mixture (a), acetone-rich mixture (b), equimolar mixture (c). 
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Figure 7. Selectivity versus Yaœ acetone. Figure 8. Molar fraction adsorbed versus molar fraction in 
inlet gas 
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